Abstract. In the present research, single-factor experiments and a three-variable, five-level central composite design were performed to study on the ionic liquids-based ultrasoni-assisted extraction of total flavonoids from Manilkara zapota leaves. The optimum parameters were: 0.95 M [C 4 MIM]Br, liquid/ solid ratio 33.1:1 mL·g -1 , extraction duration 30.3 min. Under the optimal conditions, the average extraction yields of total flavonoids were 12.42%.
Introduction
Manilkara zapota is a nutritious, fleshy berry, with a scurfy brown peel and light brown, brownish yellow to reddish brown pulp, with a texture varying from gritty to smooth. The pulp has a very sweet pleasant flavor. So it is also incorporated into sherbets, milkshakes, and ice cream. The fruit and its peel contain high amounts of saponin, flavonoids, phenols and many more active compounds [1] . It had the highest oxygen radical absorbance capacity and higher reducing power [2] [3] . But, there is scant report on Manilkara zapota leaves. Our preliminary investigation indicated flavonoids were abundant in Manilkara zapota leaves. Both flavonoids have great potentials to be used as clinical therapeutic agents, food additive and nutraceutical products [4] . Therefore, the investigations on efficient extracting flavonoids from Manilkara zapota leaves are greatly significant for the utilisation of Manilkara zapota resources in food and pharmaceutical industry.
The aims of the present work were to evaluate the feasibility of ionic liquids-based ultrasonic -assisted extraction (ILs-UAE) for total flavonoids from Manilkara zapota leaves. Meanwhile, the operating parameters were optimized using central compositedesign (CCD) combined with response surface methodology (RSM). From the economic perspective, the selected operating parameters were the important parameters involved in different extraction process were optimized by single-factor experiments. The present research would offer scientific reference for promoting the utilization and the further explore of the renewable resource leaves of Manilkara zapota. 
Materials and methods

Materials and reagents
IL-UAE
Two gram of prepared Manilkara zapota leaves was placed into the extraction vessel. Then, a certain amount of aqueous IL solution was added into the vessel and the mixture was automatically extracted by ultrasonic with a presetting procedure.
In order to investigate the effects of total flavonoids of Manilkara zapota leaves on ILs-UAE, CCD and RSM was used for optimising extraction process in the present study. Extraction variables consist of ILs, ILs concentration, liquid/solid ratio and extraction duration. The experiments of determination total flavonoids content were carried out according to the method of Jin et al [5] .
Result and discussion
Selection of ILs for UAE
ILs were employed as solvents and cosolvents in UAE of analytes due to its strong solvent dissolving power. All of them are miscible in any proportion with water. In the experiment, 1-alkyl-3-methylimidazolium type ionic liquids with different anion were investigated to find out the optimal ionic liquid for extraction total flavonoids in Manilkara zapota leaves. As shown in Fig.  1 , the effect of ILs on the extraction efficiency of totals flavonoids is obvious and [C4MIM]Br is more efficient than others. It was probably due to its stronger multi-interactions including π-π, ionic/charge-charge and hydrogen bonding with those compounds [6] . Thus, [C4MIM]Br was used in further experiments to investigate. 
Optimization of total flavonoids ILs-UAE using CCD
Three parameters including IL concentration, liquid/solid ratio and extraction duration supposed to affect active substances production were selected for CCD combined with RSM). All the experimental data obtained from the 20-run experiments are shown in Table 1 . 
Fitting the model
In this study, a Five-level (-1, 0, +1) three-factor CCD was applied to evaluate the main and Analysis of variance for evaluation of the second-order model is presented in Table 2 . The F test and p-value were used to determine the significance of each coefficient. The absolute F-value become larger and the p-value smaller which means the corresponding variables are more significant. From the equation and Table 2 , it was observed that the factors with the largest effects on the total flavonoids yield was X 3 , the second was X 2 . The analysis of variance (ANOVA) of total flavonoids extraction yields showed that experimental data had determination coefficient (R Table 2 . ANOVA of response surface quadratic model for extraction yields of total flavonoids.
Analysis of response surface
In order to select the optimized conditions, ILs concentration, liquid/solid ratio and extraction duration were investigated. In Fig. 2A , it was indicated that too low or high level of liquid/ solid ratio and extraction duration could decrease mass transfer development, leading to an incomplete extraction. The response surface (Fig. 2C) showed the interaction of liquid/ solid ratio and concentration of ionic liquid on the extraction yield of total flavonoids, and from the sharp of the response surface we also could see the interaction was significant. And form Fig. 2B we can see that with the ILs concentration higher and the longer extraction duration, the yield of the total flavonoids increased to the maximal value then decreased. The relation of extraction duration and concentration was that the concentration of ILs increased the viscosity of ILs solutions [7] , which not only influenced the permeability of the ILs solution but also affected the formation of mass transfer, then effected the the extraction yield of the total flavonoids [8] . In summary, in order to facilitate the practical operate, the optimal condition for extracting the three compounds in the ILs-UAE process was selected as: 0. 
Validation of the models
In order to validate the suitability of the model equations for predicting the response values, a verification experiment was carried out under above optimised conditions. Under these conditions, 
Conclusion
In the present study, a green and effective ILs-UAE method was used for the extraction of total flavonoids from the leaves of Manilkara zapota for the first time. According to the single factors experiments and a CCD test, we chosed [C 4 MIM]Br as the extraction solvent and the final optimal conditions were liquid/ solid ratio 33.1:1 mL·g -1
, extraction duration 30.3 min and ILs concentration 0.95 M. Therefore, the effective ILs-UAE method shows a great promising prospect to the extraction active compositions from medicinal plants. Moreover, it was proved that the optimised ILs-UAE process was scalable by pilot-scale application.
